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ABSTRACT

The rapid spread of acquired metallo-beta-lactamases (MBLs) among major Gram-negative
pathogens is an emerging threat and a matter of particular concern worldwide. Carbapenems are
among the few useful antibiotics against gram negative bacteria particularly those with extended
spectrum beta-lactamase. Resistant to carbapenem is mediated by loss of outer membrane
proteins and production of beta lactamase that is capable of hydrolyzing carbapenems.During this
study period, 80 different clinical samples were collected from various hospitals of Raipur. All
clinical samples were processed according to standard microbiological methods. Isolated GNRs
were subjected to susceptibility testing against antibiotics by disc diffusion method according to the
Clinical and Laboratory Standards Institute (CLSI) guidelines. Carbapenem-resistant isolates were
subjected to the detection of MBL production by different methods. Out of 80 samples, 28 (35%)
samples showed significant growth. MBL production was observed in 20 samples.
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1. INTRODUCTION

New Delhi Metallo-beta-lactamase-1 (NDM-1) is
an enzyme that makes bacterial resistant to a
broad range of beta-latam antibiotics. These
include the antibiotics of the carbapenem family,
which are a mainstay for the treatment of
antibiotic-resistant bacterial infections [1]. The
gene for NDM-1 is one member of a large gene
family that encodes beta-lactamase enzyme
called carbapenemase. Unlike class A, C and D
beta-lactamases, NDM-1 has zinc ions at its
active site, and it can hydrolyse all beta-lactam
antimicrobials except for monobactam [2,3].
Moreover, most NDM-1-positive bacteria are
resistant to a wide variety of other antimicrobial
classes. Bacteria that produce carbapenemases
are often referred to in the news media as
"superbugs" because infections caused by them
are difficult to treat. NDM was first reported in
the literature in 2009 in Klebsiella
pneumoniae isolate and was referred to as NDM-
1 [4]. It was later detected in bacteria in India,
Pakistan, the United Kingdom, the United States,
Canada,and Japan. The most common bacteria
that make this enzyme are Gram-negative such
as Escherichia coli and Klebsiella pneumoniae,
but the gene for NDM-1 can spread from one
strain of bacteria to another by horizontal gene
transfer [5]. Carbapenem are a class of beta-
lactam antibiotics that are capable of killing most
bacteria by inhibiting the synthesis of one of their
cell wall layers. The carbapenems were
developed to overcome antibiotic resistance
mediated by bacterial beta-lactamase enzymes.
However, the blanpy.s gene produces NDM-1,
which is a carbapenemases beta-lactamase - an
enzyme that hydrolyzes and inactivates these
carbapenem antibiotics. These enzymes possess
the characteristic hallmarkof being universally
inhibited by EDTA as well as other chelating
agents of divalent cations, a
quintessential feature of MBLs that correlates
with their mechanistic function [6].

2. MATERIALS AND METHODS
2.1 Sample Collection and Handling

Total 80 different clinical samples were collected
over a period of 90 days from different hospitals
of Raipur, Chhattisgarh. The samples were
collected irrespective of age and sex. The
samples were processed and isolates were
characterized following standard laboratory
procedures [7].
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2.1.1 Isolation and characterization

For isolation of organisms all the clinical samples
were inoculated first on Mac-conkey’s agar
media and incubated at 37 for 24 hours. After
incubation, culture characteristics of isolates
were identified based on various biochemical
characterizations as per standard microbiological
techniques [7].

2.1.2 Antibiotic susceptibility testing

The isolates were tested for the antimicrobial
susceptibilities by disc diffusion technique on
Muller-Hinton agar [8]. The turbidity of
inoculums suspension was adjusted to 0.5
Macfarland’s standard. Then this suspension
was inoculated onto Muller-Hinton agar plate by
lawn culture. After that antibiotic discs were
placed using sterile forceps and pressed gently
to confirm proper contact with medium [9]. The
plates were then incubated at 37 for 24 hrs. The
zone of inhibition was measured and interpreted
as per CLSI guidline CLSI 2008 [10].

2.2 Detection of MBLs
2.2.1 Modified hodge test

All the carbapenem resistant strains were
subjected to MHT for detection of
carbapenemases. The suspension of ATCC E.
coli was prepared in comparison to 0.5
McFarland standard in 5mL of sterile saline
using the direct colony suspension. A 4.5mL of
sterile saline was pipetted out into a sterile tube.
Then 0.5 mL of the ATCC E. coli suspension was
added to 4.5mL of saline to make a 1:10
dilution. Diluted ATCC E. coli was inoculated to
a Mueller Hinton (MH) plate containing 70 ug/mL
of zinc sulphate and then streaked over the
entire plate with the help of sterile cotton swab. A
10 pg meropenem susceptibility disk was placed
in the centre of the MH plate. Then the test
organism, positive control (Klebsiella
pneumoniae ATCC) and negative control
(Klebsiella pneumoniae ATCC), was streaked in
a straight line from the edge of the meropenem
disk to the edge of the plate and then incubated
at 35°C + 2°C in an ambient air for 16—-20 hours.
Carbapenemase production was detected by the
appearance of the enhanced ATCC E. coli
growth along the test organism that revealed a
clover-leaf-like indentation which indicated a
positive test.
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2.2.2 Imipenem disc diffusion method

Imipenem disk diffusion method was employed
as a screening test to select suspected MBL-PA
strains showing resistance to imipenem which
were further confirmed by imipenem-EDTA
combined disk method and imipenem- EDTA
double disk synergy test. 0.5M EDTA (Hi-Media,
Mumbai, India) was prepared with distilled water
and sterilized by autoclaving. Imipenem disks
were supplemented with EDTA by dispensing
10yl of this solution to each imipenem disk.

2.2.3 Imipenem EDTA combine disk method

Imipenem-EDTA combined disk method (CDT)
was performed as described by Yong et al.
[11]. A lawn culture of test isolates was prepared.
After allowing it to dry for five minutes, two
imipenem discs, one with 0.5 M EDTA and the
other a plain imipenem disc, were placed on the
surface of agar plates approximately 30mm
apart. The plates were incubated overnight at
37°C. An increase in zone diameter of = 7mm
around imipenem+EDTA disk in comparison to
imipenem disk alone indicated production of
MBLs.

2.2.4 Imipenem-EDTA double disk synergy
test (DDST)

Imipenem-EDTA double disk synergy test
(DDST) was performed. as described by Lee et
al. [11]. Test organisms were inoculated on to

plates with Mueller Hinton agar as recommended
by CLSI. An imipenem (10ug) disk was placed
20mm centre to centre from a blank disk
containing 10uL of 0.5 M EDTA (750ug).
Enhancement of the zone of inhibition in the area
between imipenem and EDTA disk in comparison
with the zone of inhibition on the far side of the
drug was interpreted as a positive result for MBL
production.

3. RESULTS

During this study period, 80 different clinical
samples were collected out of which 28 (35%)
samples showed significant growth. The gram
stain and series of biochemical test was
performed for the identification of the isolates.
They were identified as Escherichia Coli (n=13),
Klebsiella pneumoniae (n=6), Pseudomonas
aeruginosa (n=9). Metallo beta lactam production
was observed in 20 isolates (71%) Escherichia
Coli  (n=7), Klebsiella  pneumoniae (n=5),
Pseudomonas aeruginosa (n=8). Out of 28
clinical isolates Imipenem resistance was seen in
19 isolates (E. coli-7, Pseudomonas-8 &
Klebsiella-5), Meropenem resistance was seen in
10 isolates (E. coli-2, Pseudomonas-6 &
Klebsiella-2), Ertapenem resistance was seen in
6 isolates (E. coli-3, Pseudomonas-3 &
Klebsiella-0), Dorepenem resistance was seen in
11 isoaltes (E. coli-4, Pseudomonas-4 &
Klebsiella-3), while faropenem resistance was
seen in only 1 isolate of Pseudomonas (Fig. 1).
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Fig. 1. Graph showing organisms resistant to carbapenems
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Fig. 2. Graph showing the sensitivity of different method for detection of Metallobetalactams

4. DISCUSSION

Frequency of carbapenem resistance was
observed in a study conducted by Hussein et al.
[12] in which (58.26%) isolates were resistant to
bothn meropenem and imipenem. The
meropenem resistant strains were screened for
carbapenemase production by MHT and 83.3%
were identified as carbapenemase producers
[12,13] reported that 71% of the isolates were
carbapenemase producers by the MHT, which
are in agreement with the current study
especially in regards to imipenem [13]. This was
also in concordance with the results which were
reported by Lee et al. [14] in Korea, where 73%
of the isolates were found to be carbapenemase
positive by the MHT [14] .The imipenem resistant
isolates were further screened for MBL
production. 95.4% were positive by CDT and
77.2% were positive by DDST. Similar study
conducted by Pandya et al. [15] showed that
96.30% of isolates were MBL positive by CDT
and 81.4% were positive by DDST [15]. The
results of present study also correlate with the
results of study conducted by Irfan et al. [16] at
Aga Khan University, Karachi, in which 96.6% of
the carbapenem resistant strains were MBL
producers by CDT [15]. Similar results were
obtained with the study conducted by Noori et al.
[17], in which 86.8% of isolates were identified as
MBL producers by CDT [15].
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Begum et al. (2013) performed a study at Quaid-
i-Azam, University Islamabad, in which 42.85%
infections caused by MDR organism. Islahi et al.
[18] also observed a high percentage of
nosocomial infections more in males (76.0%)
than females (23.9%) [18]. Similar results were
seen in a study performed by Peymani et al.
(2011) in which 72% were male and 28% were
female patients [19].

The most frequent site of infection was urinary
tract infections (21.2%) followed by blood stream
infections (18.2%) and respiratory infections
(13.6%). The results were different from other
studies which reported that respiratory tract
infections were the common site of infection.
Noori et al. [17] found the highest percentage of
MBL producing E. coli in respiratory tract
specimens (52.8%) followed by urine (26.9%)
and blood (7.4%) [17].

Current study depicts that all the MBL producers
possess very high resistance to all antimicrobials
(beta-lactams, aminoglycosides, and
fluoroquinolones) from 71.2% to 100% and also
revealed 83.3% resistance to piperacillin/
tazobactam. All MBL producing. E. coli 18.2%to
sulbactam/ cefoperazone. The present study
showed that colistinsulphate and sulbactam/
cefoperazone were the most effective drugs for
the treatment of MDR organism.
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5. CONCLUSION

The present study demonstrates the presence of
high level of multiantibiotic resistance among
carbapenem resistantisolates from tertiary care
patients as assessed in 2016 in Raipur.
Comparison of multiple phenotypic assays for the
detection of metallo-beta-lactamases in bacteria
indicates that the combined disk test provides the
highest rate of positive tests.
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